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MPUMEHEHMUS

Ot naptHepoB nporpammsbl Natural Gas STAR

INSTALLING PLUNGER LIFT SYSTEMS IN GAS WELLS

YCTAHOBKA NMNYHXEPHbIX NOOBEMHbIX CUCTEM B
FA30BbIX CKBAXWHAX

B ckBakMHax C yCTaHOBMBLUMMCS AEOUTOM HaKOMMEHWE XKUOKOCTU MOXKET OrpaHnYmnBaTh, a MHOM4A NPUOCTaHaBNMBaThb
nocTynneHue rasa. [1edbut rasza nogaepXumBaeTcsi NyTem oTKaYKN CKOMMBLLEWCS XXUOKOCTU 6anaHCUpHbLIMU HACOCHbLIMU
yCTaHOBKaMW W5 KOPPEKTMPYIOLLUMI Mepamy Tuna cBabupoBaHWs, 3akadvBaHWUs NMeHbl MW NogBoAda Bo3dyxa A0
YCTaHOBIEHWs1 B CKBaXnHe aTtMocdepHoro gaesneHuns ("npodysBka" ckBaxuHbl). Mepbl No yaaneHuio XXuakocTu, B
0COBEHHOCTUN NMPOAYBKa CKBaXKWHbI, MOTYT BbI3BaTb 3HAYUTENBHYH SMUCCUIO METaHa B aTMOcdepy.

YcTaHoBKa MIyHXepHO NOAbEMHON CUCTEMbI ABMNAETCA 9KOHOMUYECKN 3EKTUBHBIM BapUaHTOM yaaneHus
XunakocTu. Mcnonb3oBaHue NnyHKepHbIX MOAbEMHBLIX CUCTEM MOXET 06eCcneynTb AOMNONHUTENbHbIE BbIrobl B BUAE
yBenuyeHnst 06beMOoB [06bIUN ra3a 1 CHMKEHWS SMUCCUM METaHa, CBA3aHHOW C NpoayBOYHbIMM OrnepaLmsMu.
MnyHKepHbI Noabem OCYLLECTBINAETCSA NyTEM MOBbLILLEHUA AaBleHVs ra3a B CKBaXKMHe Ans noabema crtonta
HaKOMMBLLENCS XUAKOCTW. [JaHHble cUCTeMbl MOAAEPKMBAIOT NPOLIECC A00bIYM ras3a 1 MOryT YMEHbLUUTb NOTPeGHOCTL
B NPOBeAeHUM OPYIMX PEMOHTHbIX PaGoT.

MapTHepbl nporpammbl Natural Gas STAR coobLaT 0 nonyYeHnr 3HaunTENbHbIX SKOHOMUYECKMX BbIrO U
COKpaLLeHNM 3MUCCUN METaHa NOCIe YCTaHOBKM MIYyHXEPHbIX MOALEMHbIX CUCTEM B ra3oBbIX CKBaXKMHaX. KomnaHum
OTMEeYaloT, YTO OTKa3 OT NPaKTUKN NPOaYBKM CKBaXMHbI obecnednBaeT B cpegHeM 600 Teic. dyT.? (17 ThiC. M?)
©XXErofiHOM 3KOHOMMW ra3a Ha CKBaXWHY. [pn yCTaHOBKE NIyHXePHbIX NOALEMHbLIX CUCTEM 0O6beMbl J0ObLIYM ra3a
OOMONHUTENBbHO NoBbiwaoTcd B Lenom o 18 250 Teic. dyT.? (516,8 ThiC. M?) HA CKBaXUHY, YTO B AEHEXHOM
BblpaykeHun oLeHuBaeTcs B $54 750. Bbirofbl OT NOBbILLEHNS 06BEMOB ra3a U CHUXKEHMUS] SMUCCUM MeTaHa 3aBUCHAT OT
XapaKTEPUCTUKN CKBRXKWUHbI 1 CBOWCTB ra3oBOro KOSIEKTopa 1 MOryT 3HAYUTENBLHO BapbUpOBaTLCS.

MoTeHuManbLHan 3KOHOMMA 3a cHeT
OeiicTBue NoBbILWEHUA 061eMOB A06LIYM 1 CroumocTe TunuyHble usnepxkn (TMIMYHLIA Cpok
COKpaLLEeHNsi 3MUCCUM Fasa, ThiC. C3KOHOMIEHHOro Ha YCTaHOBKY M OKynaemocTu
dyT(M)ron, rasa, $ c60pky, $/CKBaOXMH
YcTaHoBKa
MAYHKEPHOI 4700 (133,1) - 18 250 (516,8) Ha $14 100 - $54 750" $2 000 - $8 000 <1 rona
nOﬂbeMHOI}’I CKBaXXNHY Ha CKBaXXUHY
CUCTEMDI

' CtoumocTb rasa $3/teic. dyT.? ($106/TbiC. M?).
? Ha ocHoBe pe3ynsraToB, NofyyYeHHbIX napTHepamu nporpammbl Natural Gas STAR.

HacTtosawun JoKyMeHT - oauH M3 ot4eToB cepuu "OnbIT NpuMeHeHns", pa3pabotaHHon EPA B cotpyaHmdecTBe ¢

rasoBOV OTpacriblo B paMkax npoektoB nporpammbl Natural Gas STAR.



HakonneHue XnakocTu B CTBOJIE YACTO SABMSAETCS CEPbE3HOM NpobrnemMon npu
ONUTENBHOW 3KCNyaTaummn ckBaxkmH. Onepatopbl 06bIYHO MPUMEHSAOT
GanaHCcupHble HAaCOCHbIE YCTAaHOBKW, OTBOZ, XKMAKOCTM Unn "npogyBKy"”
CKBaXKVHbI B LIENSAX yAaneH s HakoNmMBLLENCS XNOKOCTU 1 BOCCTAHOBMEHNSA
ee npoaykTnBHOCTU. OQHaKO CNEeACTBMEM MPUMEHEHMS 3TUX METOOOB
ABMsATCSA bonbluve noTepu rasa. [py NpogyBke CKBaXKUHbLI MPOLIECC crieayeT
MOBTOPSATb HECKONBbKO pas, TaK Kak XWAKOCTb NPOAOIPKAET HaKannmBaTbCs,
YTO NMPUBOAUT K AOMOMHUTENBHON AMUCCUN METaHa.

I'InyH>|<epr|e nogbeMHbIE CUCTEMbI ABNAKTCA 3KOHOMUNYECKN ad)(*)eKTI/IBHOVI
aJ'IbTepHaTI/IBOVI 6aﬂaHCMprIM HaCOCHbIM YCTaHOBKaM U MeTOo4aM NnpoayBKu
CKBa)XMH, TaK KaK No3BOJIAKOT 3HAYUTESNIbHO COKPaTUTb NOTEPU rasa 3a cHeT
CHWMXXEHWNA 4acCTOoTbl UITN UCKITIOYEHUA TEXHOJTI0IM4YeCKnx o6pa60T0|< CKBa>XUHbI
npun oAHOBPEMEHHOM YyBeENn4eHnn ee NpoayKTUBHOCTU.

MnyHxepHas nogbemHas cuctema (OyHKLMOHUPYET MO NpUHLMMY
NeprogmnYHOro rasnudTa Ha OCHOBE MCMOMb30BaHMS HapacTaloLwero
OaBMneHns ra3a B KOnNbLEBOM KaHane obcagHbix Tpyb ANns BbITanknuBaHUs
CTanbHOro nryHxepa v ctonba XMAKoCTW Nepea HUM Mo cucteme
doHTaHHbIX TPY6 Ha NOBEPXHOCTb. [MnyHXep MrpaeT porb MNOPLUHS MEXAY
XXVUAKOCTBIO 1 ra3oM, YTO MUHUMMU3MPYET OBpaTHOE NOCTYNIEHNE XNOKOCTH,
n ckpebka ansa ounctkm Tpyb oT napaduHa 1 TBepgoro ocagka. Ha puc. 1
npeacTaBneHa TUNNYHas NiyHXepHasi NogbeMHas cuctema.

Pa6oTa nnyHxepHoi NogbeMHON CUCTEMbl OCHOBaHa Ha eCTECTBEHHOM
poCTe [AaBreHUsi B ra3oBbiX CKBaXXMHAX BO BPEMS MX OCTaHOBKM
(npekpalleHus akcnnyatauum). [laBneHve B 3aKpbITON CKBAXXUHE OOIMKHO
ObITb 3HAYMTENbBHO BbILLE, YeM B pacnpedenuTenbHom TpyGonposoae, YTobbl
obecneynTb Noabem NiyHxepa v Beca XMUOKOCTU Ha NMOBEPXHOCTb.
MexaHu3m KnanaHoB, KOHTPONUPYeMbIi MUKPOMPOLIECCOPOM, PEryrnmpyeT
nocTynreHve rasa B o6caHble TPpyObl 1 aBTOMATU3NPYET NPOLIECC.
KoHTponnep, 06bI4HO NMUTaeMbIli ANIeKTPOIHEPTMEN OT NepesapsikaeMblxX
COIMHEYHbIX GaTapei, MOXeT ObITb NMPOCTLIM LMKIMYHO-TalMEPHbIM UM
MMETb MONyNPOBOAHMKOBYIO NaMsTb U NporpaMMUpyemMble gyHKLWM,
OCHOBaHHble Ha

NOoKa3aHnAX 0aTt4ynKkoB
npoLecca. Puc. 1: MNMnyHxepHaa nogbeMHas cuctema

Pabota Tunn4yHoro

ConHeuHas 6artapes
MNyHXePHOro TlyGpukarop.y, ...
NO4BEMHOMO YCTPOMCTBA BepxHss | KoHTponnep
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2. Onsa npekpaweHna CHMXeHuA 06bemMoB A00bIUM ra3a aBTOMaTUYECKUNA
KOHTPOIep Ha NOBEPXHOCTU NePEKPbIBAET CKBAXXUHY. 310 npmBoaunT K
POCTYy AaBlieHNA B CKBaXXUHE, TaK KakK Oonblune oObeMbl rasa nog
BbICOKMM [aBlieHNEM CKannBaroTCA B Me)Kpr6HOM NPOCTpaHCTBE. Mo
OOCTMXXEHUN JOCTaTOMHOro obbema 1 AaBneHus rasa NNyH>Xep n
XNOKOCTb BbITANIKMBAOTCA HA NOBEPXHOCTb.

3. MNocrne Toro Kak nnyHXep NOAHSAT Ha MOBEPXHOCTb, ra3 U CKOMMBLLASICS
HaZ NIyHXepOM XUOKOCTb BbIBOASTCA Yepe3 BEPXHIO U HUXKHIOW
BbIKMOHbIE NUHUN.

4. I'InyH>|<ep 3axXBaTbIBAETCA B ny6pMKaTope N yCTaHaBInMBaeTCAa nonepek ero
BEPXHEro BblMYyCKHOIo OTBEPCTUA.

5. a3, BbITONKHYBLUWIA MIYHXEP, NMPOXOAUT YEPES HKHIO BbIKUAHYH TUHUIO
1 nonagaeT B pacnpeaenuTenbHbli TpyGonposoa,

6. Mocne ctabunmsauum NOToKa raza aBTOMaTUYECKUIA KOHTPOSIEp
0CBODOXAAET NIyHXep, U OH NagaeT BHWU3 KONMOHHbI (POHTaHHbIX TPYO.

7. Lukn nosTopsieTcs.

HoBble nHopMaLMOHHbIE TEXHOMOMUM YNPOLLAT MOHUTOPUHT U KOHTPOJTb
nogbemMa nnyHxepa. Takue TEXHOMOMU, Kak, Hanpumep, ynpaerneHue
JaHHbIMY B peXXMMe pearnibHOrO BpeMeHM U CNyTHUKOBasi CBA3b, NMO3BOMSAOT
onepaTtopam NPOBOAUTL AUCTAHLMOHHBIA KOHTPOMb PaboThl MIYHXePHbIX
NOABEMHBIX cUCTEM Ge3 perynspHbIX Bble34oB Ha yyacTkv. Ha mecTe
OCMaTpVBAIOTCS TOSbKO OTAESbHbIE CKBaXKMHBbI, TpebytoLLme npoBeaeHus
[OMOMHUTENbHBLIX MEPOMPUSITUIN MO CHIPKEHWIO 3aTpaT Y MOBbILLEHNIO
MPOOYKTUBHOCTM.

YcTaHoBKa NNYyHXEPHbIX NOABbEMHbIX CUCTEM ABNAETCA S3KOHOMUYECKU
Sd)d)eKTI/IBHOVI aJ'IbTepHaTI/IBOI7I 6anchmpr|M HaCOCHbIM YCTaHOBKaM "
MeToaaM NpoAyBKU CKBaXXUH U MO3BONAET NOoNy4YnTb CyLLEeCTBEeHHbIe
3KOHOMUYECKME 1 IKONOormyeckmne Bolrogbl. X 3Ha4MMOCTb 3aBUCUT OT
CUCTEMbI yOaaneHusa Xnaokocth, KOTOPYHo 3aMeHAET NiyHXepHaa cuctema, u
XapakTepusyetca cnegyrowmm:

* bBonee HM3KWe KanuTarnbHbIe 3aTPaThl MO CPABHEHUIO C
6anaHCUPHbLIMU HACOCHBLIMU YCTaHOBKaMU. CTOMMOCTb YCTaHOBKM U
noaaepXKaHust paboTbl NIYHXEePHON NOABLEMHOWM CUCTEMBI OBbIYHO HIBKe
Tex e 3aTpaT Ha GanaHCUpHbIE HAaCOCHbIE YCTAHOBKY.

* MeHbLWNIN 06EM TEXHUYECKOTO 0OCIYKUBaHUA U PEMOHTHbIX
paboT. 3aTpathbl Ha KanuTarnbHbIA PEMOHT HUXE, TaK Kak CTOMMOCTb
NpPoBeaeHUSA NEPUOANHECKMX PEMOHTHbIX PaboT B CPaBHEHMM, Hanpumep,
CO cBabupoBaHeM UInu NPOAYBKOW CKBAXXMHbI HUDKE UIN He TpebytoTcs
BOOOLLE MPU NPUMEHEHUMN NITYHXEPHbIX NOABLEMHbBIX CUCTEM.

* HenpepbIBHbIN NpoLecc 3KCMyaTaLuun CKBaXXUHbI yBerminBaeT
06beMbl 406OLIYM rasa u ee 3pPeKTUBHOCTL. [NyHXepHble
NOAbEMHbIE CUCTEMbI MO3BONISAT COXPaHSTb SHEPTUIO rasnndTa u
noBbILLAT 06beM A06bIUK rasa. PerynsipHoe yaaneHue XugkocTu
MO3BOSISIET BECTU HEMPEPbLIBHYIO A00bLIYY rasa v NpeaoTBpallaeT
HaKoMMeHVe XNOKOCTH, Bbi3bIBalOLLEE YaCTUYHYIO UIM MOJSTHYI OCTaHOBKY
razofo6blumn. Yacto HenpepbIBHOE yaarneHue XUaKoCTU Nocre YCTaHOBKM
NAYHXEPHbIX NMOABbEMHbIX CUCTEM MO3BOJIST MNOBLICUTb CYTOYHYH A00bIYY
rasa.

* YMmeHbLUeHMe napadMHOBOro u TBepaoro ocagka. B cksaxuHax, rae
MMeLoTCst NPOGneMbl CO CKOMMeHneM napauHOBOrO Unn TBeEPLOro
ocafKa, MexaHn4yeckue noctynatenbHble ABWKEHNS NiyHXepa B cucteme
TPy6 MOryT NpensiTCTBOBaTb CKOMIEHMIO YaCTUL, HA BHYTPEHHUX CTEHKaX



Tpy6. MoaToMy YMEeHbLLAETCS MW UCKHYaeTcsi HEOBXOAUMOCTb
XUMUYECKOM 00paboTKm nnm cBabupoBaHMsA CKBaXKUHbI. HanaxxeHo
NMPOU3BOACTBO Pa3NMYHbIX TUMOB MYHXEPOB, OCHALLEHHbLIX
"BMOpPaLMOHHBIMY Wanbamun" onis NoBbIWEHMS UX "cKpebKoBbIX"
XapakTepUCTUK.

% CokpalleHne aMUCCUMU MeTaHa. VIcknioyeHne neproamnyecknx
PEMOHTHbIX paboT 1 HenNpepbIBHOCTb PaboTbl CKBaXKUHbLI CMOCOBCTBYOT
CHWXeHuo amucenm meTtaHa. MNMapTtHepobl nporpammbl Natural Gas STAR
COODBLLAIOT O EXErogHON 9KOHOMUM ra3a, AOCTUralLen B CpeaHem
600 TbIC. yT.? (17 ThIC. M*) Ha CKBaXKWMHY 3a CYET yCTPaHEeHUs
HeobxogumocTn nNpogdysku, u B cpegHem 30 Toic. dyT.? (0,8 Thic. M®) n3-3a
OTCYTCTBMSA HEOOXOAMMOCTY KanuTanbHOTO PEMOHTa CKBaXXMWHbI.

* [pyrue 3akoHOMU4eckue Bbirogbl. [pn oLeHKe 3KOHOMUYECKOW
3 PEKTUBHOCTU NPUMEHEHNS MIYHXKEPHbIX NOABLEMHBIX CUCTEM
3KOHOMMUS OT UCKITFOYEHHOW SMUCCUMN ABMSETCS TOMbKO OOHUM U3
MHOFOYMCIIEHHbIX (DAaKTOPOB B aHanm3ae. [ononHUTENbHY 3KOHOMUIO
MOXHO MOMy4YNTb MyTeM COKpaLLeHUs 3aTpaT Ha U30bbITOYHOE
TexHorornyeckoe o6opyaoBaHMe U COOTBETCTBYIOLLEE CHIKEHWE
SHepronoTpebrneHnst U CTOMMOCTY KanuTanbHoro pemMoHTa. bonee Toro,
CKBaX)KMHbI, N3 KOTOPbLIX PErynsipHO yAanseTcs XMOKOCTb, MMET
noteHuman ans gobbiun GonbLuMx 06beMOB rasokoHaeHcaTa U HedpTu.

KomnaHum JormkHbl paccMaTpyBaTh MITyHXEPHbIE NOABbEMHbIE CUCTEMbI KaK
anbTepHaTMBY NPOOYBKE CKBAXKWUHbI M BanaHCMpHbIM yCTaHOBKaM. PelueHne
MO YCTaHOBKE MIyHXEPHOW NOABEMHON CUCTEMbI AOIMKHO NMPUHUMATbLCA
OTAENbHO MO KaXX4oMy KOHKPETHOMY cryyato. MNapTHepam B kavyecTBe
PYyKOBOACTBa npeanaraeTcsa npuaepXmeaTscs criegytowero nopsaka
MPVHATUS PELLEHUS NPY OLEHKE
NPUMEHUMOCTU N SKOHOMMWNYECKON
3P (PEKTUBHOCTN NCNOMNB30BaHUS
NNYHXEPHbIX NOABEMHbIX CUCTEM Ha
CBOUX ra3o00bIBalOLLMX CKBaXKMHAX.

YeTbipe aTana oueHkKu
acpdekTMBHOCTH
YCTaHOBKMU MIYHXepPHbIX
noaobEeMHbIX CUCTEM:
Jtan 1: OnpeaenuTb TEXHUYECKYHO
Lieriecoo6pa3HOCTb YCTaHOBKMU
NnyHXepHoON NOABbLEMHON CUCTEMBDI.
[MnyHXepHble NOObEMHbIE CUCTEMBI
NPVMEHUMbI Ha ra3oBbIX CKBaXXMHaX,
KOTOpble UCMbITbIBAOT BorbLUMe

1. OnpenennTb TEXHNYECKYHO
LenecoobpasHoOCTb YCTaHOBKM
NIYyHXEPHOW NOOBbEMHOW CUCTEMBbI.

2. Onpegenntb CTOMMOCTb
NIyHXepHON NOAbEMHON CUCTEMBI.

Harpy3|(|/| OT CKOMMJIEHUSA XKNOKOCTN, 3. OLI,eHVITb OKOHOMUIO OT YCTaHOBKU
VIMEIOT 3HauYUTENbHbIE 06BEMBI rasa u MIyHXEPHOTo NoAbEMa.
n3bbITOYHOE CTaTU4ecKoe AaBneHue 4. PaccyuTaTb aKOHOMUYECKMe

Npwu 3aKpbITOM YCTbE€ CKBa>XMHbI O514 nokasarenu npuMeHeHus

noaHsTUS cTonba XUOKOCTU U3 NIyHXepHou nogbeMHON CUCTEMBbI.

pesepByapa Ha NoBepxHOCTb. Ha

puvC. 2 npeacTaBneHbl YeTblpe obLLIMe XapakTepUCTUKN CKBaXKWHbI, KOTOpbIe
ABNSIOTCA BKHLIMW UHAUKATOPaMU NMPUMEHUMOCTU MITyHXEPHbIX
NogbeMHbIX cucTeM. MocTaBLLmMKM 060pYAOBaHMSA YacTo NPeaoCTaBnsAlT
MUCbMEHHbIE MHCTPYKLMKN, HEOOX0AMMbIE KOMMAHUSIM 1151 OLEeHKN
LLenecoobpas3HOCTM YCTAHOBKM NAYHXEPHbIX NOABbEMHbIX CUCTEM Ha
KOHKPETHOWN CkBaXvHe. HanprmMep, paccMOTPUM CKBaXKWHY rITyOUHOM

3 000 doyT. (914,4 ™), Npy gaBneHWn B pacnpeaenutensHom Tpybonposoae
100 Psi (689,5 kla), naBneHnmn B 3aKkpbiTon ckBaxknHe 150 Psi (1 034,2 kl1a),
13 KOTOPOW exXeQHEeBHO AOMKHbI yaansTbCa cKannvealooLwwmecs B cpeaHeM
Tpy Gappens (0,36 M) xxuakocTu. Takasi CKBaXkMHa MMEET JOCTaToOuHOe
n30bITOYHOE CTaTUYECKOe AaBreHne Npu 3aKpbiTOM YCTbe U MOXET UMETb
exenHeBHbINn Aedut 3 600 dyT.* (102 M) (400 dyT.’/6appens/1 000 dyT.
rnyOuHbl YMHOXMTE Ha 3 000 dyToB rnyOuHbI, YMHOXUTL Ha 3 Gappens BoAbl
B [ieHb), YTO NOATBEPXKAAET LieNIeCo00pPa3HOCTb NPUMEHEHUS NIYHXKEPHOW
NOOABbEMHON CUCTEMBI.



Puc. 2: O6wme ycnoBusi NpMMeEHEHUs1 NAYHXePHbIX NOABLEMHbIX
cuctem

* [MpoayBka CKBaXKWHbI U ApYre TEXHOMOMW YOaneHust 3KMaKocTu,
Heobxoaumble ANsi NOAAEPKaHWUS NMpoLiecca razonobblyn.

* [1ebuT ckBaxuHbl fomKkeH 6biTb He MeHee 400 dyT.* (11 M°) rasa Ha
6appenb (0,11 M) xmakoct Ha 1 000 dpyTos (304,8 M) rmyBUHbBI
CKBaXVHBb.

% [laBneHue B CKBaXXUHe Npn 3aKpbITOM YCTbEe OOJKHO B 1,5 pasa
npeBbIllaTh AaBlieHUE ra3a B pacnpenerimTeribHOM TPY60ﬂpOBOﬂ,e.

% CKBaXuHbI, UMetoLLMe TBEPAbIN UN NapadMHOBLIN OCaOO0K.

dtan 2: OnpegenuTb CTOUMOCTL NITYHXXePHOW NOABLEMHOW CUCTEMBI.
CTOMMOCTb NIyHXEPHOW NOAbEeMHON CUCTEMbI BKIHOYAET KanuTarbHble
3aTparbl, 3aTpaThbl Ha NyckoBble paboThl U TPyao3aTpaTbl Ha NpUobpeTeHne
yCTaHOBKY 060pyd0BaHusl, a Takke aKCMyaTauMoHHbIe 3aTpaThl U
CTOMMOCTb TEXHUYECKOro 06Cny>KMBaHUSA. [JaHHble U3OEePXKKN BKIOYatoT
criegyollee:

* KanutanbHble 3aTpaThbl, 3aTpaTbl HAa YCTAaHOBKY U NYCKOBbLIe pPaGoThl.
BazoBasi CTOMMOCTb YCTAHOBKM MITYHXXEPHOrO Nogbema COCTaBnseT
npumMepHo $1 500 - $6 000 B oTNIMUME OT HA3EMHOMO HACOCHOIO
obopynoBaHusa Tna GanaHCMpHbIX YCTaHOBOK, CTOMMOCTb KOTOPbIX -
$20 000 - $40 000. CTOMMOCTb YCTAHOBKW NITyHXEPHON NogbeMHOM
CMCTEMbl BKITIOYAET TakkKe 3aTpaTtbl HA MOHTaX CUCTEMbI TPYD, knanaHoB.,
KOHTpOrnepa, nogadun anekTponuTaHns 40 YCTbs CKBaXXUHbI,
pasmMeLleHne y3rna 3aboHoro amopTm3aropa A5 niyHxepa B
npeanonoxeHumn, YTo TpybHas 00Bsi3ka CKBaXKMHbI OTKPLITA U JOCTYMHA.
HanbonbLuas cocTaBnsowasi B CTOMMOCTU YCTaHOBKM NPUXOAUTCH Ha
3aTpartbl No Npoknagke kabens ong npoBefeHWs 3aMepoB B cMCTeEME
Tpy© (NpoBepka Ha BHYTPEHHNE BITOKMPOBKM) 1 TECTUPOBAHME NIyHXepa
no BCEN AJIMHE CBEpPXY BHU3 (MPOTArMBaHmME) Aris Toro, 4Tobbl yoeantbes,
YTO OH OyaeT cBOOOOHO ABUraTbCs BBEPX M BHU3 MO KONTOHHE TPYO.
Opyrve 3atpaTbl Ha NycKoBble paboTbl MOryT BKIOYATb M3MEpPEHME
rny6uHbI CKBaXWHbI, CBaOMpOBaHNe ANs yaaneHus XUOKocTu 13
CKBaXKMHbI, KNCMOTHYO 06paboTKy ANS yaaneHus MMHepanbHOro ocagka
N O4UCTKM Nepdpopaumm, yaaneHme ocbinen U3 CKBaXuHbI 1 Npoyne
paboTbl MO OYMCTKE. DTU OONONMHUTENbHbIE 3aTpaThl HA 3amnycK YCTaHOBKM
BapbupytoTca mexay $500 n $2 000.

KomnaHuu, paccmMmaTpuBaroLLime BO3MOXHOCTb NPUMEHEHNUA MITYyHXEPHbIX
noAbEMHbIX CUCTEM, OOJDKHbI MMETL B BUAY, YTO CUCTEMaA Tpe6yeT
Hanmynsa CnnoLwHbIX KOJTOHH HACOCHO-KOMMPECCOPHbIX TPY6 B XOopoLlem
COCTOAHMN C (bl/lKCI/IpOBaHHbIM BHYTPEHHUM ONAMETPOM. I'Ipvl
HeobxoanMOCTH, 3aMeHa KOJTOHHbI pr6 MOXET 060NTUCH
OOMOJTHNTESTIbHO B HECKOJ1bKO ThICAY O0n1apoB, B 3aBUCUMOCTUN OT
FJ'Iy6I/IHbI CKBaXXWHbI.

* JKcnnyaTtauMoHHbIe 3aTpaTtbl. TexHU4eckoe obCcnyxmBaHne
NIAYHXEPHbIX NOABEMHbIX CUCTEM TPEOYET TEKYLLErO OCMOTPa
nybpukaTtopa n nnyHxepa. OObIMHO 3TK y3nbl TPEOYOT 3aMeHbI Kaxable
6 - 12 MecsLeB Npu exeroaHbIx 3aTpatax B oobeme $500 - $1 000.
Opyrve getany cuctembl NPOBEPSIHOTCS pa3 B rof.



9tan 3: OueHUTbL 3KOHOMMIO OT YCTAaHOBKU NNyHXepHOro nogbema.
OKOHOMUSA MOXET ObITb MONyyYeHa 3a CYeT:

% [Joxoda oT pocTa A06blum rasa;
% [0X0[a OT COKpaLLEHHbIX AMUCCUIA;

% [AOMNOMHUTENBHO COKPALLEHHbIX 3aTpaT Ha TEXHONMOrnyeckyro obpaboTky
CKBaX)WMHBbI, KanuTarnbHbIi PEMOHT, NPY YMEHbLLEHWUN PacxodoB Ha
3MEeKTPO3IHEPIrno U T. 4.;

% JIMKBUOALMOHHOW CTOMMOCTMW.

anGblnb, nony4yaemas 3a c4HeT yBeJinyeHus 06bemMoB [00bIYM
rasa

HauBbicLunin goxon, OT BHEAPEHUS MITYHXEePHOW NOAbEeMHOM CUCTEMbI
obecneynBaeTcs 3a CHeT pocTa 06beMoB 40bbI4M ra3a. B npouecce
MPUHATUSA pPeLUEHUsT 3TOT 0OBbEM HEMNb3A 3aMepUTb HaMPsSIMYHO, U ero
HeobxoaMMo paccunTbiBaTb. MeToamka pacyeTa npeanonaraemoro pocta
000bI4M BapbMpyeTCs B 3aBUCMMOCTU OT COCTOSIHUSI CKBaXKMHbl. MeToguka
pacyeTa A1is MOCTOSIHHO AENCTBYHOLLMX CKBaXMH C NMOCTOSIHHLIM JEOMTOM
OTHOCUTENBHO MpocTast, a ANt UCTOLLEHHbIX CKBaXWH - Oonee crnoxHasi.

% PacuyeT npupocTa Ao0bluM rasa ansA CKBaXuH € NOCTOAHHbLIM
aedéutom. MNMpupocT fobblun raza OT NPUMEHEHUS NOABEMHBIX CUCTEM
nnyHxepa MOXHO paccynTaTtb, AOMNyCKas, YTO CPeqHA MaKCMarbHbIN
Temn Jo6blYM, AOCTUMHYTBIN MOCNe NPOAYBKN CKBaXXMWHbI, MPUMEPHO
COOTBETCTBYET MOTEHLMaNbHO MakcuMmarnbHoOMy ob6bemy, nony4yaeMomy 13
OCYLLUEHHOWN CKBaXMHbI. [narpammy, npeactaBneHHyo Ha puc. 3, MOXHO
MCMNonb30BaTh AN1A pacyeTa NnoTeHumanbHoro npupocTa Aobblum rasa.

Ha paHHomn anarpamMmme CcrrollHasa nMHnA 0T06pa)K88T NOCTENEHHbIN pocT
npon3BoAUTENbHOCTU, 3aTeéM OHa PE3KO Nnaaaert, Korga B KOJIOHHE

Puc. 3: NMpupocT Ao6bLI4M rasa ansi CKBaXXUH C NOCTOSIHHbIM
AeouTom

Cnyx6a KoHTpons Jobblun
CkBaxuHa 9N-27E nnacta Spiro

100,000

Mpou3BoANTENbHOCTH MoTeHuuarnbHas HernpepbiBHas — ]
CKBaXKUHbI 6e3 MyHXepHOM MPOMSBOANTENBHOCTE C - 7]
NOABLEMHON CUCTEMbI YCTaHOBMEHHOM MIyHXEPHON ——
noabLEMHOW CUCTEMOM —
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POHTaHHbIX TPy HakannMBaeTcs XUAKOCTb. [1POM3BOANTENBHOCTb
BOCCTaHaBNMBaETCS MNocrne NpodyBKy CKBaXKWHbI, HO 3aTeM BHOBb HAcTynaeT
cnap, nocrie NoBTOPHOIO HAKOMMEHUS XNOKOCTU. 3aMeTMM, YTO LiKana gaHa
B TbiCsiYax Kybudeckux pytoB B Mecsl,. MMyHKTUpHas NMMHMSA NoKasbiBaeT
CpedHUn MakcumarbHbIA Temn A400blYM Nocne yoaneHus Xuakoctn. 3T1o
NpPeanonoXnTernbHO COOTBETCTBYET NOTEHLMANBLHO MaKCMMarbHoOM fo0bIve,
KoTOpasi MOXET ObITb JOCTUIHYTa NP paboTe C YCTaHOBMEHHOWN MIYHXEPHOM
NoabLEMHON CUCTEMOW U cocTaBnsieT He MeHee 80 NpoLeHToB
NPOV3BOONUTENBLHOCTU, PEMUCTPMPYEMON NOCIE NPOAYBKM CKBAXMHBI.
3awTprxoBaHHasa 0bnacTb Mexay NoTeHuMansHom obbiben (MyHKTUpHas
NNHUA) U aKTUHECKON NPOU3BOAUTENBHOCTBIO CKBaXUHBI (CNOLLHAs NUHUA)
NPeaCTaBnsAT pacyeTHYH BEMWUUMHY NpupocTa 4o0bI4M rasa, KOTopyto
MOXXHO MOMNYYUTb NPU UCMONB30BaHUM NIYHXXEPHON NOAHLEMHON CUCTEMBI.

% PacyeT npupocTa A00bI4M ANA UCTOLWEHHbIX CKBaXWH UMK Koraa
YpPOBEHb MaKCMManbHOW [O0ObLIYKN Nocre NPpoayBKA HE U3BECTEH.
McToLeHHbIe CKBaXXMHbI UMM CKBaXKMHbI, SKCNNyaTupyemole 6e3
nepuoanYecKkmx NpoayBoOK, TPEOYOT AeTanbHON METOAMKM pacyeTa pocTa
NX NPON3BOAUTENBHOCTU MPU YCTAHOBMEHHBIX NAYHXEPHbIX MOAbEMHbIX
cuctemax. OTobpaxeHne pyHKLMOHNPOBAHMS UCTOLLEHHON CKBAXKUHbI C
YCTaHOBIEHHOW MITYHXXEPHON NOgBbEMHON cucTemMon TpebyeT NoCTPOeHns
©ornee TOYHOWN HUCXOAALLEN KPMBOW, YTO OBYCMNOBMNEHO NageHneM
AaBneHusa B obrnactn nepdopauun. B Takmx criydasix KoMnaHvusm
HeoBX0OMMO KOHCYMBTMPOBATLCS C UHXEHepamu-padpaboTymkamm (Cm.
MpunoxeHwe).

MpoBeas oueHKy pocTa fobObI4M, KOMMNAHUM MOTYT paccymMTaTb €e CTOMMOCTb
N, COOTBETCTBEHHO, SKOHOMUYECKUI 3P EKT OT YCTAHOBKU NOLBEMHON
NAyHXepHoWn cuctembl. Ha puc. 4 npeacrasneH npuMep BO3MOXHOM
NpubbLINK 4NS pasnUYHbIX BapuaHToB NpupocTa Aobblyum rasa. MNpu pacyete
Ba)KHO YYMTbIBaTb MECTHbIE YCMOBUSA U pacLeHKU. 3aMeTUM, YTO NpumMep
pac4yeTa, NpUBEAEHHEIN Ha puc. 4, NpuBedeH 6e3 yveta NpubbInn No NPOEKTY
YCTaHOBKM MITyHXXEPHbIX NOABEMHbLIX CUCTEM, B pe3yrbrate KOTOporo
NCKITHOYaETCS SMUCCUS, CHKAKOTCS pacxofbl Ha onnaTty aMeKTPO3HEPTn U
XUMUYECKYI0 00paboTKy CKBaXMHbl. PacyeT no aTmm nosuumam oyaert
NpeacTaBrieH HWxe B Matepunanax pasgena "OnbIT npumeHeHus". Takum
06pa3omM, CyMMapHhI NONOXUTENbHBLIN 3dEKT OT NPUMEHEHNS
NIAYHXEPHbIX MOABEMHbIX CUCTEM MOXET 0Ka3aTbCsl 3HAYUTENBHO BhILLE.



Puc. 4: Npumep pacyeta akoHOMUYeckon achdpeKTMBHOCTU ANA
pas3nu4YHbIX BapuaHTOB NpUMpocTa A0OLIYM ra3a npu yctaHoBKe
NAyHXXePHON NOABLEMHON CUCTEMbI

Poct npupocra Mepuopn BHyTpeHHsAs Hopma BosBpart
[00bluM rasa, TbiC. | OKyNnaeMocTH, | peHTabenbHOCTH, | UHBecTULUN, %
¢yT.%/(TbiC. M®)/CYT. mec. %

3(0,08) 28 38 350

5(0,1) 16 69 580

10 (0,3) 8 144 1150
15 (0,4) 5 219 1730
20 (0,6) 4 294 2310
25 (0,7) 3 369 2 880
30 (0,8) 3 444 3460

McxoaHble aaHHble:

CtoumocTb rasa $3/ Teic. yT.? ($106/TbIC. MP).

CTOMMOCTb MNyHXEPHOW NoabLEMHON CUCTEMBI, BKoYas nyckoBble 3aTtpartsl, $6 000.
JInsnHroBble akcnyaTauMoHHble 3aTpaThl - $600/mecsu,.

Mapexne nobbiun 6% B rog.

CraBka guckoHTmpoBaHusa 15%.

McTounumk: Production Control Services, Inc.

anﬁblﬂb OT UCKITHO4YeHUA aMmccum

OB6bem amMmuccum NPUPOSHOro ra3a, yCTpaHeHHbIN B pesyrsrate npuMeHeH s
NAYHXEPHbIX MOABEMHbIX CUCTEM, PA3NUYEH A8 KaXO0W CKBaXXWHbI U
3aBUCUT OT KaYeCTBEHHbIX XapaKTEPUCTUK KaXaon OTAENbHOM CKBaXKMHbI U
TEXHUYECKMX XapaKTEPUCTMK KOMNMEKTOpa, Taknx Kak JaBrneHue B
pacnpegenuTensHoM TpybonpoBoae, AaBrneHne B 3aKpbITOM CKBaXMHE, TEMN
HaKOMMEHUS XNOKOCTU U pasMepbl CKBaXKMHbI (rnMyOuHa, anameTp obcagHbIX
n poHTaHHbIX Tpy6). OgHako Hanbornee 3Ha4YMMbIM NokasaTenem ABnseTcy
npuMeHsieMas NpakT1ka 0TBoAa XUAKOCTU U3 CKBaXKMH NPW SKCMyaTauuu.
HekoTopble KOMNaHUM yCTaHaBNMBAIOT A4S 3TUX Lener aBTomaTtuyeckme
Tanmepsbl, Apyrne OCyLLEeCTBRASIOT OTBOA BPYYHYO C MOMOLLbIO oneparopa,
KOHTPOMMPYHOLLLEro npouecc, NMBo no-npexHeMy OCTaBNAT CKBAXKUHY U
BO30OHOBMAIOT paboTy Yepes3 HECKOMbKO YacoB Unu AHEN, B 3aBUCUMOCTU OT
TOro, Kak 4ornro obbl4HO NPOAOIMKAETCH yaaneHne XnakocT U3 CKBaXKWUHbI.
Taknm 06pa3om, IKOHOMUYECKNN 3HPEKT OT YCTpaHEHUS AIMUCCUM rasa
OKa3blBaeTCs pasnuyHbiM. [103TOMY 1 MPOEKTbI MMEIOT pasnnyHble NepUoabl
OKynaemocTu. bonbluas 4acTb NPOEKTOB MO YCTAHOBKE MITyHXEPHbIX
NnoabLeMHbIX cucTem obecrnevmBaeT pocT AoObl4M NPUPOAHOro rasa npu
OLHOBPEMEHHOM COKpaLLEHUM AIMUCCUN METaHa, KOTopasi TOXKE MOXET
paccMmaTpurBaTbCs Kak OOMNOMHUTENbHBIN PE3EPBHbIN UCTOYHUK NPUOLINN.

* WcknroueHne amuccum npu oTMeHe NpoAyBKU. B ckBaxuHax c
YCTaHOBMEHHBIMU MITYHXXEPHBIMU NOABEMHBIMU CUCTEMAMM MOXHO
[0OUTBCS COKpaLLEHNst SMUCCUK, COMPOBOXAAIOLLEN NPOLIECC NPOAYBKU
CKBaXXWHbI. DTa 3MUCCUSI XapaKTePU3YeTCs PasNNYHON MHTEHCUBHOCTbLIO
1 obbemMamu 1 cneundryHa Ans KaXaon CKBaXKMHbI U KOMeKTopa.
BbINOMHEHHbIE OLIEHKM MOKa3bIBaKOT, YTO AMMUCCUS], COMPOBOXKAaKLLAs
npoLiecc NPoayBKM CKBAXXWUHbI, MOXET COCTaBISATb OT OO4HOW ThICAYN A0
MUIMOHOB oyT.® (28 - 28 000 m®) B rog. MNMostomy npmbbinb 3a cyeT
WCKITFOYEHHOW 3MUCCUM MO OTAENbHbLIM CKBaXXMHAM MOXET TakkKe
3HAUUTENBHO OTNNYATLCS B 3aBUCMMOCTU OT MapamMeTPOB KOHKPETHOM
CKBaXXWHbI, HAXOASALLENCS B CTAAMN KanuTanbHOr0 peMOHTAa.



MpubbINb OT YyCTPAHEHHOW 3MUCCUM MOXHO PacCcyvTaThb Kak Npon3BeneHe
LieHbl rasa Ha 06beM aTon ammnccun. Ecnm paHee nNpu NpoayBKe CKBaXKMHbI
3aMUCCUS He n3Mepsinach, To 3T U3MEPEHUST HEOOXOAMMO BbIMONHUTL. Ha
npumepe, NpUBeAEHHOM Hxe, 0ObeM rasa, BblOpackiBaemMoro B atmoccepy
N3 CKBaXMHbI C HU3KUM OaBIEHUEM MPU KAXKO0W NPoJyBKe, paccuuTaH
koadppurumeHTom 0,5625 ot yctonumeoro aeduta rasa. 1ot hakTop
aMuccumn npegnonaraet o6LWMIN yCpeaHEHHbIN AeOUT nocre NpoayBKu,
cocTaBnsowmuin 56,25% ot nonHoro aebuta ckBaxkuHbl. B cooTBETCTBUM C
OaHHbIM NPenonioXXeHeM, Ha puc. 5 NokasaHo, YTo ANs pasrpy>KeHHON OT
XMAKOCTU ckBaxkmHbl ¢ ebutom 100 Thic. yT.? (2,8 ThiC. M°) B A€Hb, 06bEM
BEHTUNMPYEMOro B aTMocepy rasa CoCTaBrsieT ABe Thicaun dyT.?* (56,6 m?)
3a yac npoayBKu.

Puc. 5: NMpumep: PacyeT NCKNOYEHHOW 3IMUCCUN OT NPOAYBKU

MckntoyeHHas amucemns 3a vac npogyskn = (0,56251 X yCTONUMBBLIN CYyTOMHbIN
nebut)/24 yac./cyT.

WckntoyeHHas amucens® = (0,5625 x 100 TbIC. yT.® /CyT.)/24
= 2 TbIC. dhyT.® (56,6 M®) 3a Yac npoayBku

[opfoBas LeHa UCKII0YEHHON amuccnmn® =2 Thic. yT.’ x 12 x $3,00/ ThIC. PyT.?
=$72 B0

' PekoMeHa0BaHHbIV NnokasaTtenb aMUCCUM MeTaHa B OTYEeTax COBMECTHOIO
uccneposaHusa GRI/EPA "Omuccna metaHa B rasoBon otpacnu”, Tom 7: "lNpogyska u
oumcTka" (noHb 1995). B pesynbraTte BbIMOMIHEHHbIX UCCNEAOBaHUIA YCTAaHOBIEHO,
YTO Ha Ha4arnbHOW CTaaAMu NPOAYBKU NOTOK rasa COEPXKUBAETCS XUOKOCTbIO,
CKOMUBLLENCH B CKBaXMWHe, Ha 25% OT nonHoro notoka. Ha 3aBepLuatoLlen ctagum
noTok rasa BocctaHaenuaaetcst Ao 100%. O6wuin ycpeaHeHHbIN NOTOK nocne
npoaysku coctaBun 56,25% OT NOMHOro NOToKa M3 CKBaXKUHbI.

2 B npegnonoxeHun, 4To yCTOMYMBbLIA CyTOUHbIM AebuT coctaensaet 100 Tbic. yT.?
(2,8 TbIC. M°).

* B npegnonoxeHuun, 4to 1 npoayska B MecsiL, npoaormkaercst 1 yac.

D,aHHbII7I MeTo NMPOCT ANA NpUMeHeHUdA, HO NpakKTuKa CBMAOETENbCTBYET, YTO
B HEKOTOPbIX Cly4vadaX pacyeTHble COKpalleHNA SMUCCUN MeTaHa
HepeanMCcTU4YHO HU3KW. B I'Ipmno>|<eva| npmeognTCAa onncaHune
anbrepHaTBHOIoO MetToaa pacyeTra UCKITIYEHHbIX 3MUCCUNA.

npﬂMbIe n3MepeHnd Nno3BoNIAKT Yy4EeCTb KOHKPETHbIE XapaKTEePUCTUKA
CKBa2)XMHbI U KOJIieKTopa npu BbICOKOW CTEMEHN M3MEHYNBOCTM AMUCCUN U
NO3TOMY ABIAKTCA Hanbonee npeanoyTuTeribHbIMU OnAa onpeneneHna
obbeMa MCKITHYEHHbIX 3MUCCUIA. oneBble 3aMepbl MOryT obecneynTb
OaHHble, HeobxoauMble AN TOYHOro onpenerneHna 3KOHOMuUn ot
NCKITHOMEHHbIX 3MUCCUIA.

* WcknioueHne ammccum npm 3ameHe 6anaHCUPHbIX HACOCHbIX
yCTaHOBOK. B criyqasx, korga nnyHxepHble nogbeMHble CUCTEMbI
3ameHs0T H6anaHCMpHbIE HACOCHbIE YCTaHOBKN U MPOAYBKa He
OCYLLIECTBISAETCS, UCKITHOYEHNE S3MUCCUM MPOUCXOOUT 3a CHET CHIDKEHMUS
3aTpaT Ha MexaHu4ecKkMe PeMOHTHbIe paboThbl, yaaneHne ocbinen un
NPOYUCTKY OTBEPCTUI, Ha yOaneHne MMHeparnsHOro 1 napadgrHOBOro
ocajKa 13 HaCOCHbIX LUTaHT. Bbino paccuntaHo, YTO B CpeaHeM aMUCCUS
3a BpeMsi PEMOHTHbIX paboT cocTaBnseT NpumMepHo 2 Thic. dyT.* (56,6 m°)
Ha Kaxabl KanuTanbHbIN PEMOHT CKBaXMHbI; YacToTa NpoBeaeHus
KanutanbHOro peMoHTa CKBaXXUHbI BapbupyeTcs oT 1 go 15 pas B rog.
Beuay cneununyHoCTM XapakTepucTuk, Takux, kak 4ebut B nepmos
KanutanbHOro peMOoHTa, MPOAOIMKUTENBHOCTb PEMOHTHbIX PaboT 1 KX
YyacToTa, 06beM UCKITHYEHHOW SMUCCUN MOXET CUIMbHO BapbUpPOBaTbLCS.
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UckntovyeHHble 3aTpaTbl U AONOJIHUTESIbHasA I1pVI6bIJ1b

VckntoveHHble 3arpartbl 3aBUCAT OT TUNa CUCTEM yOalneHUA XNOKOCTH,
YCTaHOBJ1E€HHbIX Ha [OaHHbI MOMEHT, a TaKkke MOryT y4nTbiBaTb CpencTea, He
noTpaYveHHble Ha TEXHONOrm4eckyr o6pa60T|<y CKBaXXMHbI, MEHbLLINE
BbIMNaTbl 3a ANIEKTPO3IHEPINIO U CHMXEHME 3aTpaT Ha COKpaIJJ,eHHbII7I obbeMm
KanmtanbHOINo pemMoHTa. VckntoueHne 3arpar Ha TEXHONOrnM4eckyro
o6pa60T|<y CKBaXXUHbI Y4YUTbIBAETCA B Clly4dadX, Koraa niyHxepHble
nogbeMHbIE CUCTEMbI 3aMEHAT GaﬂaHCI/IprIe HaCOCHbI€ YCTaHOBKU NI
apyrme peMOHTHbIE TEXHOIOrMun, Takne, Kak npoayBka, CBa6I/IDOBaHI/Ie nnn
3amMblnBaHne. MeHbLune 3aTtpartbl Ha ANEeKTPO3HEPIruto, COKpaLLI,eHHbIﬁ
obbeMm PEMOHTHbIX pa60T n nony4yeHune NNKBMOALMOHHON CTOMMOCTM
YHYUTbIBAKOTCA TOJIbKO ON14 CrlyqaeB 3aMeHbI GaﬂaHCI/IprIX HACOCHbIX
YCTaHOBOK CUCTEMaMU nogbemMa nryHxepa.

% WcknioyeHue 3aTpaT Ha TEXHONOINMYECKY 00paboTKy CKBaXXMHbI.
3aTtparbl Ha TEXHONOrMYECKY0 06pabOTKy CKBaXKMHbI BKITHOYAHOT
XUMUYECKYI0 06paboTKy, aHTUMUKPOOHYH OYMCTKY, yaarneHue WTaHr n
3a4NCTKY CKBaXMHbl. VMIHpopmaums, nmetowascs no Hernmyookomn
ckBaxkmHe B 1 500 dyT. (457,2 M) NOKa3bIBAET, YTO 3aTpaTbl HAa
KanuTanbHbIN PEMOHT, BKITHOYas yaaneHune LUTaHr U BOCCTaHOBINEHne
cucTembl Tpy6, coctaensoT 6onee $11 000 Ha ckBaxuHy. CTOMMOCTb
E©XErogHom XMMmn4eckom obpaboTKkm CKBaXKMHbI (QHTUOKUCTIUTENN,
pacTBOpUTENMW, OUCMEPrMpYOLLME NPUCAOKKM, ropsiHas XUAKOCTb,
KpUCTannmmM4eckmn MoamdumKaTop 1 NoBEPXHOCTHO-aKTVBHbIE BELLECTBA)
no ony6rnvkKoBaHHbLIM AaHHbIM cocTaBnsieT He MeHee $10 000 Ha
CKkBaXXMHY. CTOMMOCTb @aHTUMMKPOOHLIX CPeacTB, NPUMEHSIEMbIX OIS
yOoaneHus napadguHoBoro ocagka, coctaenseT $5 000 Ha ckBaXkMHY B rofl
(Ho aTa 06paboTka He yCTpaHAET NpobnemMy NpUToOKa XNOKOCTU B
CKBaXXMHY). Kaxkabin U3 nepeyncrieHHbIX NpoLeccoB obpaboTkm
yBENUYMBAET TOSMLLMHY MUHEParbHOro nnv napadgprHoOBOro ocagka no
Mepe yriybrneHnsa CKBaXuHbI.

% CHuXeHue 3aTpaT Ha NEKTPOIHEPruro No CPaBHEHUK C HACOCHLIMU
6GanaHCUMpPHbIMA YCTaHOBKaMU. YMEHbLLEHWE 3aTpaT Ha onnaty
3MNEeKTPOIHEPIUM eLle NOBbILLAET IKOHOMUYECKUN 3PEKT OT
NPUMEHEHNS NIYHXEPHbIX NOAbEMHbIX cucTeM. B naHHOM cnyyae
3aTparhbl Ha ANEKTPOSHEPTUIO OTCYTCTBYHOT, Tak Kak O0MbLUMHCTBO
KOHTPOSIEPOB MNOMyYarT NUTaAHWE OT CONHEYHbIX BaTapen. Ha puc. 6
npuBeaeH NepeveHb UCKITIYEHHbIX 3aTpaT Ha AMNeKTPOIHEPruto,
NpeLCTaBMeHHbIN onepaTopamm, KOTOpble YCTaHOBUMM NOAbEMHbIE
cuctembl NnyHxepa. MNpegnonaras 365 gHen akcnnyataumu,
WCKIMIOYeHHbIe 3aTpaThl Ha anekTpoaHepruo coctasunu ot $1 000 oo
$7 300 B roga.

Puc. 6: UckntoyeHHble 3aTpaThbl Ha INMEKTPO3HEepPruto nocre
3aMeHbl 6anaHCUPHbIX HACOCHbIX YCTAHOBOK MITyHXXePHbIMU
noAbLEeMHbIMU CUCTEMaMU

O6bem gBurartens, n.c. CToumocTb 3Kcnnyatauum, $/cyT.
10 3
20 7
30 10
40 13
50 17
60 20

" CToMMOCTb 3NeKTpo3Heprum aaHa B pacyete Ha 50% oT nonHou Harpy3ku, Ha 50%
BpeMeHM nNpu CToumocTu 7,5 LeHT/kBTY.




% YMeHbLlUeHUe 3aTpaT Ha KanuTanbHbIW PEMOHT MO CPAaBHEHUIO C
6anaHCMpPHbIMA HAaCOCHLIMM yCTaHOBKaMu. 1o oT4yeTam onepaTopos,
3aTpaTthbl Ha KanuTanbHbIA PEMOHT NPW UCMONb30BaHUN GanaHCUPHbLIX
HacoCHbIX ycTaHoBoK cocTaBnsaloT $1 000 B aeHb. OBbIYHbIN
KanutanbHbIA PEMOHT OCYLLECTBISETCH 3a OAWH AEHb, HO NS CKBaXXWH
rny6uHon 6onee 8 000 chyToB (2 400 M) noTpebyeTcsa Gonee ogHOTO AHS.
B 3aBMCMMOCTI OT CKBaXXMHbI Ha KanuTarnbHbIA PEMOHT MOXET
notpeboBatbcs oT ogHoro o 15 gHel B rogy. Bce atu 3atpartsl
WCKIOYaIOTCH MPY UCMOMb30BaHWUMN NIYHXEPHbIX MOABEMHbIX CUCTEM.

% Bo3Bpat NMKBMAALMOHHON CTOMMOCTU NpU 3amMmeHe 6araHCUPHbIX
HaCOCHbIX YCTaHOBOK. Ecrnv GanaHCcupHble HaCOCHbIE YCTaHOBKM
3aMEHSIOTCS NNYHXEPHbIMWU NOAbLEMHBIMU CUCTEMaMU, TO
OOMoNHUTENbHast NPUOLINb 1 SKOHOMUYECKUA 3dhdhekT JocTuratoTcs 3a
cYeT BO3BpaTa JIMKBMAALMOHHON CTOMMOCTM 3aMeLLaeMoro
Npor3BOACTBEHHOIO obopynoBaHus. Ha puc. 7 npuBegeHa
NVKBUOALMOHHAs CTOMMOCTb, KOTOPYIO MOXHO MOMYYnTb MpW peanusaumm
3aMeLlaeMbIX HaCOCHbIX YCTAHOBOK. B HEKOTOpPBLIX Cryvasx TOMbKO ogHa
NVKBUAALMOHHAs CTOMMOCTb MOXET MOKPbITh 3aTpaThl HA YCTaHOBKY
NAYHXEPHbIX MOAbEMHbIX CUCTEM.

Puc. 7: JlnukBugaumoHHaa CTOMMOCTb 0O0OpyAOBaHUA Npu 3aMeHe
6anaHCUpHbIX HACOCHbIX YCTAaHOBOK MJTyHXXePHbIMU
nogbeMHbIMU CUCTEeMaMU

MocTynneHne cpeacTs Npy peanusaumm samellaeMoro o6opyaoBaHust

Twun Hacoca (KpyTALUMIA MOMEHT), JNlvkBMaaumoHHasa ctoumocTb
ArnM-pyHT/(H* M) oGopynoBaHus, $
114 000/(12 880) 9 500
160 000/(18 078) 13 000
228 000/(25 761) 16 500
320 000/(36 155) 21 000
456 000/(51 521) 26 500

640 000/(72 310) 32 000

" JInkBngauMoHHas CTOMMOCTb BKIHOYAET MUWHUMAlbHYIO LIEHY HacoCHOM YCTaHOBKMH,
aneKkTpoasuratena U KONMOoHHblI HACOCHbIX pr6
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Otan 4: PaccuuTtatb 3KOHOMMUYECKME NMoKasaTenu NpuMeHeHust
nyHXepHOW NoAbEeMHOW cUcTeMbl. Ba3oBbI aHanM3 ABMKEHWS!
[AEHEXHbIX CPeacTB MOXET OblTb MCMOMb30BaH AJ151 CPABHEHUS 3aTpaT U
NPVGLINY NPV MPUMEHEHWUMN MIYHXEPHONW NOLBEMHON CUCTEMbI MO
CpaBHEHWIO C APYTVIMU BapuaHTaMu yaaneHus xuakoctu. Ha puc. 8
npeacTaBneHbl 3aTpaTthl ANs KaX4oro M3 BapuMaHToB.

Puc. 8: CpaBHeHMe 3aTpaT NO NPUMEHEHUIO NIYHXEPHbIX
NoAbLEeMHbIX U APYTUX CUCTEM

Kateropus 3atpar  nyHXxepHbIn TpaguumoHHas PeMOHTHbIe
noabem 6anaHcupHas pa6oTbl
ycTaHOBKa
KanuTanbHble 3atpatel 1 $1 500 - $6 000 $20 000 - $40 000 $0
CTOMMOCTb MYCKOBbIX
pabot
3atpartbl Ha BbINOSIHEHWE
TexHu4yeckoe $1 000/rop $1 000 - $15 000/rop, $0
obcnyxunsaHne?
O6paboTka CKBaXUHbI® $0 $10 000+ $10 000+
OnekTpnyecTso! $0 $1 000 - $7 300/rog $0
JlnkBnaaumoHHas $0 ($9 000 - $32 000) $0
CTOVMMOCTb

npu ctoumocTu kaxgoro - $1 000.

' BKnoYaeT npUMeEHeHe neH, cBabypoBaHue 1 NPOaYBKY.

3 3aTpaTtbl pasnu4yHbl 1 3aBUCAT OT TuMNa XUOKOCTU.

2 3aTpaTtbl Ha TEXHUYECKOE 0OCMyXMBaHNE NPU YCTAHOBKE TPaaULIMOHHON
GanaHCcYpHON HACOCHOM YCTaHOBKM BKIOYAKOT KanuTtasnbHbIi peMoHT 1-15 pa3 B rog

4 BaTparbl Ha 3NeKTPUYECTBO NpeanonaraloT 4OCTaTOMHOCTb 3HEPTUM COMHEYHbIX
BaTapeit 4ns YHKLVOHUPOBAHWS MAYHXEPHbIX MOABEMHBIX CUCTEM.




* JkoHOMU4ecKui apdeKT Npy 3ameLLleHMM 6anaHCUPHbIX HACOCHbIX
YCTaHOBOK MIyHXXePHbIMU NoaAbeMHbIMU cucTemamu. Ha puc. 9
npuBeaeHbl pesynbTaTbl MOAENMPOBaHUSA MMNOTETUYECKON CKBaXWHbI C
cyTo4Hon gobbiden 100 Thic. dyT.? (2,8 Thic. M®) AN OLEeHKN
3KOHOMMYECKOro adpdekTa NPUMEHEHUS NIYyHXePHOW NOgbEMHOW
CUCTEeMbl Ha OCHOBE MCXOAHbIX AaHHBIX pUC. 8. YBenunyeHvne CyTo4HOWM
£06b14m Ha 20 Teic. GyT.? (566 M*) obecneumBaeT exerogHbIvi NPUPOCT B
7 300 TbIC. hyT.? (207 ThIC. M?). B NpegnonoxeHunn, 4To 40 YCTaHOBKN
NyHXepa NPoOBOAUIICS OAUH KanuTanbHbIA PEeMOHT, Nepexos Ha
NpUMeHeHVe MIyH)XepHOW NogbeMHON cUcTeMbl obecnevmBaeTt
2 Tbic. dyT.* (57 M*) LONONHUTENBHOW rOA0BON A0OLIMN OT UCKITHOYEHHbIX
ammuccuii. MNprbbinb No NPOEKTY YBENMYMBAETCS Takke OT BO3BpaTta
NVKBMAALMOHHON CTOMMOCTM 3ameLlaemMoro 6anaHCMpHOro HaCOCHOIO

060pyﬂ,0BaHI/|$-|, 4yTO obecneynBaeT HeHOCpe,D,CTBeHHbIVI BO3BpaT CpencTB.

Haxe npn HEBO3MOXKHOCTU MOJTy4eHus NNKBMAALUMOHHON CTOMMOCTU
nepunon oKyrnaemMoCTu NpoekTa MOXXET COCTaBUTb HECKOJTIbKO MecCsLEeB B
3aBNCMMOCTU OT NPOnN3BOAUTESTIbHOCTU CKBaXXUHbI.

Puc. 9: 3koHOMMYECKUI aHaNn3 3aMeHbl 6ana|-|cup|-|b|x
HACOCHbIX YCTAaHOBOK MNyHXepHbIMX NOoABbEMHbLIMU CUCTEMaMU

Orop 1rog 2rom 3ron 4 ron 5ropn

CtoumocTb rasa npu $21 906 $21906 $21906 $21906 $21 906
NOBbILLIEHUN A00bINN 1
WNCKIMIOYEHHbIX 3MUCCUIA’

O6opynoBaHue (%6 000)
NNyHXepHoOW NogbeMHOMN

CUCTEMbI U CTOMMOCTb

YCTaHOBKM

TexHu4eckoe ($1 000) ($1000) ($1000) ($1000) ($1000)
obcnyxvBaHne

NAYHXePHON NoabEMHOMN

cucTeMbl

3atpathl Ha $0 $0 $0 $0 $0 $0
3MEeKTPO3HEPTUIO B rof

JIukBmpaumnoHHas $16 500
CTOMMOCTb GanaHcupHow
YCTaHOBKM

OtcyTcTBYE $1000 $1000 $1000 $1000 $1000
TEXHUYECKOro

obcnyxunBaHust

6anaHcUpHOW YCTaHOBKM

(1 kan. pemoHT/roa)

OTcyTCcTBME 3aTpaT Ha $1000 $1000 $1000 $1000 $1000
3MeKTPO3IHEPTUIO ANs

6anaHCUpHOW YCTaHOBKM

(oBuratenb 10 n.c.)

OTCyTCTBME XMMUYECKOIA $10 000 $10 000 $10 000 $10 000 $10 000
obpaboTku

MocTtynnexue cpeacts $10 500 $32906 $32906 $32906 $32906 $32 906

NPV (unctasi npuBeaeHHass CTOUMOCTb)? = $122 945
MNepuon okynaemocTu = HenocpeACTBEHHbIN

" TMpwu ueHe rasa $3 3a Toic. yT.? ($106/Tbic. M*) Ana 7 300 Tbic. dyT.* (207 m°) 3a cyeT
pocTa Aobblun n 2 Thic. GyT.® (57 M®) OT NCKMOYEHHON SMUCCUN MPU KaXXaA0M
PEMOHTE (C y4eToM 1 KanuTanbHOro PEMOHTA B rog).

2 Yucraa npvBefeHHas CTOMMOCTb paccynTaHa npu ctaBke AnckoHTupoBaHns 10% Ha
nepvog cablle 5 ner.

13



14

* OKOHOMMSA OT 3aMeHbl CUCTEM NPOAYBKU MIyHXEPHbIMU
noabeMHbIMU cucrtemamu. Ha puc. 10 npuBeneHs! pesyrnbraTbl OLEHKN
3KOHOMMYECKON 3(PPEKTUBHOCTM OS1S TMNOTETUHECKON CKBAXKMHbI C
cyTovHon gobbiyert 100 Toic. yT.? (2,8 Thic. M®), B KOTOPOW YCTaHOBIEHA
nnyHxepHasa NogbeMHasi CMCTEMa B Ka4eCTBe 3aMeHbl MPOAYBKM Kak
MeToAa yOaneHust >XUOKOCTU U3 CKBaXKMHbI, H8 OCHOBE MCXOAHbIX AaHHbIX
puc. 8. lNpn yBenuyeHnn npodykTmeBHocTK Ha 20 Tbic. dyT.* (566 M°) B
CYTKW, rogoBON NPUPOCT NpoaykTnBHOCTU cocTaBuTt 7 300 Toic. dyT.?
(207 TbIC. M®). Kpome TOro, NosiBUTCSt S3KOHOMMST OT NPeaoTBpPaLLEHHON
amMmccun, ConpoBOXKaatoLLen npouecc npogysku. NMpu 12 ogHoYacoBbIX
npoAyBKax B rofd UCKMOYEHHasa aMnUCCcus coctaBuT 24 Toic. yT.? B rog,
(680 m?).

Puc. 10: 3koHOMMYECKUI aHaNU3 3aMeHbl CUCTEM npoayBkKu
NNyHXepHbIMU NOABbEMHbLIMU CUCTEeMaMU

Olfom 1rom 2ronp 3rogq 4rog 5rop

CToMOCTb rasa 3a cyeT $21 972 $21972 $21 972 $21972 $21 972
pocTta fobblun n
COKpaLLeHUsi SMUCCUN

O6opynoBaxue nnyHxepHoi ($6 000)
NOAbEMHON CUCTEMBI U
CTOMMOCTb Hanagku

O6cnyxuBaHue niyHKepHom ($1 000) ($1 000) ($1 000) ($1 000) ($1 000)
NOABLEMHOW CUCTEMbI

3arpartbl Ha $0 $0 $0 $0 $0 $0
3rIEKTPOSHEPTIO B oA,

OTCyTCTBME XMMUYECKOA $10 000 $10 000 $10 000 $10 000 $10 000
obpaboTku

MocTynnexue cpencts ($6 000) $30 972 $30 972 $30 972 $30 972 $30 972

NPV (unctas npvBefeHHasa ctoumocTb)’= $101 280
[Mepuoa okynaemoctn =< 6 mecsueB

" TMpw ueHe rasa $3/Tbic. dyT.* ($106/TbIC. M*) Ans 7 300 Thic. yT.? (207 M°) 3a cueT
pocta fobblun n 24 Tbic. yT.* (57 M?) OT UCKIHOYEHHON amuccum (C ydeTom 12
npoayBok 1 2 Teic. dyT.® (56,6 M*) 3a NpoayBKy).

2 Yucraa npuBefeHHasi CTOMMOCTb paccyuTaHa npu ctaBke gnckoHtuposaHus 10% Ha
nepvog cabie 5 net.

MecTtopoxaeHne Amoco Midland Farm

Kopnopauumst Amoco - naptHep-yypeautens Natural Gas STAR (Ha gaHHbIN
MOMEHT 00beaunHMBLLIasACA ¢ BP), onucbiBaeT ycrnewHyo 3amMeHy Ha
mecTopoxaeHun Midland Farm npovnsBoacTBeHHOro 060pyaoBaHus B
CKBaXuHe ¢ BanaHCMpHbIM HACOCOM Ha MAYHXEPHYI0 NOOBEMHYK CUCTEMY.
[o ycTaHOBKM NNYHXEPHbIX NOABEMHBIX CUCTEM AMOCO Mcnonb3oBana
GanaHCupHbIe YCTaHOBKM C KOFMTOHHAMW CTEKITOBOSTOKOHHbIX LUTAHT.
MoobemHoe obopynoBaHMe NepBoHaYanbHO COCTOSNO U3 HACOCHbIX
YCT@HOBOK C KPYTALLMM MOMeHTOM 640 aonmM-pyHT (72 H*M), npuBoguMbIX B
OencTBue apuratensiMm MoLHoCThio 60 n.c. CneumanucTbl 3aMeTunm, 4To B
CKBaXXMHaX JAHHOro MeCTOpPOXAEHWS1 BO3HUKanM npobremsl, CBsA3aHHbIE C
obpasoBaHnem napadMHOBOro HaneTa B CTBOME CKBAXXWHbI U HA HACOCHbIX
LUTaHrax, KOTopbln GNOKMpoBan NOTOK XMUAKOCTU U NPensiTCTBOBar
OBWKEHUNIO CTEKNOBOMOKOHHbBIX HACOCHbIX LUTaHT. [nyHxepHasa nogbeMHas
cucTeMa paccMmaTpurBanach Kak BO3MOXHOE CPELACTBO COEpPXKMBaAHMS
HakonneHus napadgrHa B CKBaXuHe.



Amoco Hayana nporpaMmMy Mo BHEAPEHWIO NIYHXEPHbIX MOABEMHbIX CUCTEM
C MUITOTHOTO MPOEKTa Ha OOHON CKBaxMHe. Onupasicb Ha NepBbIA YCMNEeLLHbIN
onbIT, AMOoCco 3aTemM NpoJorkuna npoLecc 3aMmeHbl 060pyaoBaHNst HA BCEX
CKBaXuHax MectopoxaeHus. OcHoBbIBasicb Ha ycnelHoM onbiTe B Midland
Farm, Amoco yctaHoBuna 190 nnyHXepHbIX NOAbEeMHbIX CUCTEM Ha
yyacTkax B [eHBepe n CaHgayHe (Texac) n 3ameHuna octanbHble
GanaHCcUpHbIE YCTaHOBKMN.

Kopnopauns Amoco oueHuna 3atparbl Ha BHeAPEHWE MYHXEPHbIX
NOObEMHbBIX CUCTEM, BKIOYAS YCTPONCTBO MIyHXepa Y PEKOHCTPYKLIMIO
KOMOHHbI (POHTaHHbIX TPy6, B cpeaHeM B $10 000 Ha ckBaxkuHY (HavarbHble
3aTparbl Ha NUIOTHbLIN NPOEKT, BKIOYasA PEKOHCTPYKLMIO KONOHHbI
OHTaHHbIX TPY6, ObINK Bbile CPEAHNX B OTNINYME OT MNOCNEAYHOLLMX
NMPOEKTOB).

3atem Amoco 6bin NpoBeaeH aHanm3 3KOHOMUYECKON 3EKTUBHOCTA 3a
CYET CHIDKEHMS pacXO4O0B Ha 3rEeKTPUYECTBO, KanuTasnbHbIN PEMOHT CKBaXWH
N XMMUYECKyto 00paboTKy Ha Tpex ydacTkax. B uenom, no oueHkam
KOMNaHum Amoco, UCKITKOHYEHHbIE U3OEPXKKN Ha SNEKTPUYECTBO, PEMOHT U
O4UCTKY OT napadmHa coctaBunu B cpeaHem $20 000 B rod Ha CKBadKUHY.

* OnekTpuyectBo. CokpallleHne pacxofoB OLeHnBanock, ucxoas us 50%
MaLLMHHOro BpeMeHU. Ha ocHoBe n3aepek, npeacTaBneHHbIX Ha puc. 6,
3KOHOMWS Ha 3nekTpuYecTBe cocTasuna okono $20 B cyTku.

* KanutanbHbI peMOHT CKBaXuHbI. B cpegHemM Amoco npoBoguna oauH
KanuTanbHbI PEMOHT Ha CKBaXKMHE B rOfl, CBA3aHHbIA C PEMOHTOM
GOHTaHHbIX TPy6. Ha npumeHsiBLLUMXCSt paHee GanaHCUPHbIX YCTaHOBKaX
CTOMMOCTb 3TOM onepauuu 6bina $3 000, yto B cpeaHem cocTasnsano $8
B CYTKMW.

* Xumunyeckas obpabortka. HanbonbLuas akoHOMUS BObina nonyyeHa ot
WCKITFOYEHMS XMMUYECKON 06paboTki. AmOco cMormia COKOHOMUTb Ha
ouncTke oT napadmHa npumepHo $10 000 Ha ckBaxkuHy B rog, Griarogaps
TOMY, YTO BHEOPEHMNE NIyHXepa UCKII0YNI0 HaKonneHne napaduHa B
Tpybax.

Mocne BHeOpeHWs NepBOW NIYHXEPHOW NOALEMHON cnucTembl Amoco Obino
YCTaHOBIEHO, YTO A00bIYa rasa yeenuymunack donee yem Ha 400 Tbic. yT.?
(11,3 TbiCc. M?) B cyTKM. B npouecce paclumpeHnst UCNosb30BaHNUst
NAYHXEPHbIX NOABEMHbBIX CUCTEM Ha MECTOPOXAEHMM KOMNaHUSA uMena
3HaYMTENbHbIN YCnex Ha BOMNbLUMHCTBE CKBaXKWH, XOTS HA HEKOTOPbIX U3 HUX
B TEYEHNE TPUALATMOHEBHOIO NEPUOAA UCTLITAHWI YBENUYEHNE A00bIHN
ObIno HebonbLMM UM BoobLLEe oTcyTcTBoBano. ObLuee yBenMyeHne
NPOAYKTUBHOCTU (YBENUYEHNE O0ObIYM U UCKIOYEHHAA 3MUCCUS) BCEX
CKBaXXMH, Ha KOTOPbIX ObIN yCTaHOBMEHbI NIYyHXEPHbIE NOAbEMHbIE
cuctemsl, coctaBuro 1 348 Teic. yT.® (38 Thic. M°) B cyTkn. CpenHerogosas
3KOHOMMUSA rasa, Ncxogs U3 6 NPOLIEHTOB CHUXKEHUsT [oObI4M, cocTaBumna

11 274 Tbic. dyT.?* (319 ThiC. M®) Ha CkBaXkUHY UK NpumepHo $33 822 Ha
CKBaxuHy. Ha puc. 11, 12 npegcraeneHbl pesynbsraTel NpeaBapUTernbHOro
aHanmsa aKoHOMMYeckon apdeKTUBHOCTM B NEPBLIN o BHEAPEHMUS
NAYHXepPHbIX NOOBbEMHbIX cMCTEM Ha MecTopoxaeHun Midland Farm
koprnopaumn Amoco. KpoMe aKoHOMMM ra3a 1 COKpaLLeHWUsi U3AepKeK npu
BHEAPEHWUN MAYHXEPHbIX NOABEMHbBIX CUCTEM AMOCO nony4una
€OVHOBPEMEHHBIN J0X04 OT NPOAaXU BbICBOOOAUBLLMXCA HACOCHbIX
yCTaHOBOK 1 ABuratenei, coctaBuamin $32 000 Ans kaxkaow CKBaXKUHbI.

15



16

CBoaHble JaHHbIE PacX04oB U JOXOA0B, CBA3AHHbIX C MPOrpamMMon
BHEAPEHWS MITyHXXEPHbIX NOABEMHbBIX CUCTEM Kopriopauuer Amoco,
npeacrTaBrneHbl Ha puc. 12. B TedyeHne nepBoro roga akcniyatauum
Kopriopaums nony4duna cpegHerofoBon 9KOHOMUYECKUA 3QdEKT OKOSO

$44 700 Ha ckBaxkmHy. Kpome Toro, no Kaxgow CKBaXKMHe ObIno nomnyyYyeHo
okorno $32 000 komneHcaumn oT NMMKBMAALIMOHHON CTOMMOCTU 06opYO0BaHMS
GanaHCMpHbIX YCTAHOBOK.

Puc. 11: UameHeHus1 ypoBHA A00bI4YM 32 CHET BHeAPEHUA
NIYHXEPHbIX NOABbEMHbIX CUCTEM Ha mecTtopoxaeHuu Midland
Farm B Texace

CkBa- | lMpoaoyKTMBHOCTbL AO YCTAHOBKMU MpoaykTnBHOCTL 3a 30 AHeln
XUHA | NNYHXePHbIX NOABLEMHbIX CUCTEM nocrie yctaHOBKMU

a3, Tbic.| Hedb, Bopaa, las, Toic.| Hedthb, Bopaa,
¢y’ |bappenen| Gappenen dyT.® | 6appenen | 6appenen

(TbIC. (m)B | (M)BcCyTKM | (TbIC. (m°) B (M%) B

m®)/cyT. CYTKU M’)/cyT. CYTKM CYTKM

1 233 (7) 6 (0,9) 1(0,1) 676 (19) 5(0,8) 1(0,1)

2 280 (8) 15(2,4) 1(0,1) 345 (10) 15 (2,4) 1(0,1)

3 240 (7) 13 (2,1) 2(0,2) 531 (15) 33 (5) 11 (1,3)

4 180 (5) 12 (2) 2(0,2) 180 (5) 16 (2,5) 3(0,4)

5 250 (7) 5 (0,8) 2(0,2) 500 (14) 5 (0,8) 2(0,2)
6 95 (3) 8 (1,3) 2(0,2) 75 (2) 12 (2) 0
7 125 (4) 13 (2,1) 1(0,1) 125 (4)  14(2,2) 0

8 55 (2) 6 (1) 1(0,1) 55 (2) 13 (2) 2 (0,2)
9 120 (3) 45 (7) 6 (0,7) 175 (5) 40 (6) 0

10 160 (5) 16 (2,5) 3(0,4) 334(9) 17(27) 3(0,4)

11 180 (5) 7(1) 12 (1,4) 80 (2) 6 (1) 6 (0,7)

12 215(06)  15(2,4) 4 (0,5) 388 (10) 21 (3,3) 2(0,2)

13 122 (3) 8 (1,3) 8 (1) 124 (4) 12 (2) 7 (0,8)

14 88 (2) 5 (0,8) 10 (1,2) 23 (1) 9 (1,4) 1(0,1)

CpenHee 167 (5) 12 (2) 4 (0,5) 258 (7) 16 (2,5) 3(0,4)

' Bce ckBaxMHbl MMetoT rnyouHy okorno 11 400 cyT. (3 475 m).
Mctounuk: World Oil, Hosi6pb, 1995

Puc. 12: 3koHoMmunuyeckum adphekT, nonyyeHHbIN Koprnopauuen
Amoco npu 3ameHe 6anaHCUPHbIX YCTaAHOBOK Ha NiyHXepHble
noaAbeMHbIE CUCTEMbI

CpeoHe- | Cro# | CtoMmocTb | JKOHO- SKoHO- SxoHo- | Cpepne- | OonanHu-

rogoBasi | MOCTb | YCTaHOBKMA | MusiHa MUl Ha MUSIHA | roOoBOW | TenbHbIM

3KOHOMMS | COKOHOM- | TUTYHA®P- | PEMOHTE | XMMMYEC- | JMEKTPO- | 3KOHOMM- | [oXon oT

rasa’, NEHHOMo HOM HACOCHbIX KoM 3HPEIIO | YecKnmn nm
ToiccoyT® | 3arog | nogbem- | TpyGHa | obpabor- Ha adpbdpexT -
(bic. rasa’ HOWM CKBDKMHY | KEHAa | CKBKWHY |HaCKBHW-| CUPHOM
M)ron CUCTEMblHA| BIOO | CKBDKMHY | 3aCyTKM Hy* YCTaHOB-

CKBRAKVHY Brog, KA Ha
CKBDKVHY
11274 |$33822| $10000 | $3000 | $10 000 $20 $44 700 | $32 000
(319)

" MNepBoHa4anbHbIN 06beM razopobblum = 1 348 Tbic. dyT.® (38,2 Thic. M*) B cyTku. B
NPEeAnonoXeHUN CHxXeHUst [obbiumn Ha 6% B rog.
2 Llena rasa $3/Tbic. pyT.® ($106/TbIC. M?).

® YcpenoHeHHas BeNMYMHa 3KOHOMMW paccymMTaHa no 14 ckBaxunHam.




MecTtopoxpaeHue Mobil Big Piney

Ha mectopoxaeHumn Big Piney B wrate BanomuHr kopnopauwms Mobil Oil -
naptHep-yupeautens Natural Gas STAR (Ha gaHHbIA MOMEHT
o6beanHmBLLAsACcS ¢ Exxon) ycTaHoBUNa niyHXepHble NogbEMHbIE CUCTEMBI
Ha 19 ckBaxxuHax. [epBble ABe ycTaHOBKM OblM CMOHTUpOBaHbl B 1995 rogy,
ocTanbHble CKBaXWHbI Oblnn 06opyaoBaHbl B 1997 rogy. B pesynsrate atmx
npeobpasoBaHun Mobil cokpaTuna obLyyto amMuccuto rasa ot NpogyBOK Ha
12 166 TbIC. chyT.? (345 ThIC. M°) B rog. Kpome cokpalleHusi aMmccumn metaHa
yCTaHOBKA MAYHXEPHbIX NOABEMHbBIX CUCTEM ODecneymnna CHUKEHNE yTedKku
3TaHa (Ha 6% no obbemy), C3-yrneBoaopOAOB M NMPOYMX FIETYHUX
opraHnyeckux coeguHeHnin (5%) 1 nHepTHbIX ra3os (2%). Ha puc. 13
NPeACTaBIEHO CHXKEHNE SMUCCUN MO KaXKOOW CKBaXKUHE MOCHEe YCTaHOBKM
MAYHXEPHbIX MOABEMHbBIX CUCTEM.

Puc. 13: lNporpaMmma ycTaHOBKM NAYHXEPHbIX NOABLEMHbLIX CACTEM
B Big Piney, BanomuHr

CKBaXKMHa Amuccusna po Amuccua nocne  CpegHerogoBoe
YCTaHOBKMU YCTaHOBKM, TbIC. COKpalLeHue, ThbIC.
cuctem, Tbic.pyT.* ¢yt (Tbic. M®)rog dyT.’ (Thbic. M’)/rog
(TbiCc. M°)/roa Ha Ha CKBaXXUHY Ha CKBaXXUHY
CKBaXXVUHY

1 1456 (41) 0 1456 (41)

2 581(16) 0 581 (16)

3 1 959 (55) 318 (9) 1 641 (46)

4 924 (26) 0 924 (26)

5 105 (3) 24 (1) 81 (2)

6 263 (7) 95 (3) 168 (5)

7 713 (20) 80 (2) 633 (18)

8 453 (13) 0 753 (21)

9 333 (9) 0 333 (9)

10 765 (22) 217 (6) 548 (16)

11 1442 (41) 129 (4) 1313 (37)

12 1175 (33) 991 (28) 184 (5)

13 694 (20) 215 (6) 479 (14)

14 1 416 (40) 1 259 (36) 157 (4)

15 1132 (32) 708 (20) 424 (12)

16 1 940 (55) 561 (16) 1379 (39)

17 731 (21) 461 (13) 270 (8)

18 246 (7) 0 246 (7)

19 594 (17) 0 594 (17)

Bcero: 17 224 (488) 5 058 (143) 12 166 (344)

CJ'IeD,yIOLIJMe pekoMeHOaunm rnomMmoryT yCTpaHUTb I'IpO6J'IeMbI npn yCtaHoOBKe
NNYyH>XEPHbIX NOABbEMHbIX CUCTEM!

* He ucnonb3yiTe aKcnnyaTauMoHHbIe Nakepbl, T. K. OHU

orpaHuuMBaloT 06bLeM A00bIUM ra3a 3a OAUH penc nnyHxepa. bes
NPUMEHEHNSA Nakepa yBENUUYMBAETCS NOCTYMMEHNE CXKATOro rasa 3a cyet
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MCMONb30BaHUsl BCcero cBo60aHOMO KombLIEBOrO NPOCTPaHCTBa. Yem
6onbLUe ob6beMm rasa, Tem 6ornblle 00bemM NOAHATON BOAbI.

* [epen ycTaHOBKOW NpoBepLTe OTCYTCTBME 3aCOpPEHUs B Tpybax
KannbpoBOYHbIM KONbLOM. 3acopeHne Tpyb OCrOXHSAET OBMKEHNE
nnyHxepa n MOXeT NPUBECTN K HEOBXOAMMOCTU 3aMeHbI
SKCNNyaTaLuMOHHOW KOMOHHbLI HACOCHO-KOMMPECCOPHbIX TPYO.

* OcmoTpuTe NyHxep nocrie nepBoro peica. MNposepka nnyHxepa Ha
Hanv4uve NoBpeXOeHWIA, Necka UM ocaaka Nno3BonuT NpeaoTBpaTuTb
rocreayroLme CroxXHOCTU B ero aKchnyaTaumm, Npon3BecTu
onepaTuBHbIN PEMOHT BO BPeMS MOAFOTOBKM Gpuragbl U MOHTaXKHOMO
obopynoBaHus.

MnyHxepHble NOAgbEMHbIE CUCTEMbI UMEIOT PSA NPENMYLLECTB nepes
APYrMMU MeTodamMM yaaneH st XUOKOCTU U3 CKBaXWH: YBENMYEHHbIA 00beM
npoaax rasa, yBenMUeHHbI CPOK SKCMyaTaumm CKBaXWH, YMEHbLUEHHbIE
SKCMyaTaLUNOHHbIE PACXOAbl, YMEHbLLEHHAs aMUccus MeTaHa. Mpu
YCTaHOBKE MIyHXEPHbIX NOAbEMHbIX CUCTEM CreayeT NpUHUMaTh BO
BHMMaHve crieqytoLLee:

* I'InyH>Kepr|e NoAbEMHbIE CUCTEMbI UMELOT Boree KOpOTKI/IVI CPOK
OKynaemocCTu WHBECTULINIA MO CpaBHEHUIO C 63ﬂaHCMprIMVI YCTaHOBKaMu
n MeTogamun npoayBKU.

* [nyHxepHble NOgbEMHbIE CUCTEMbI 0BECTEYNBAIOT CYLLIECTBEHHOE
COKpalLeHVe oGbema PEMOHTHBIX PaboT 3a AKCMIyaTaLMOHHbIN NepUos
CKBa)KVHbI 1 CHUXKEHME SMUCCUM MeTaHa B aTMocepy.

* OKOHOMMWYECKMUI aHann3 npuMeHeHnaA NNyH>XepHbIX NOAbEMHbIX CUCTEM
OOJDKEeH Yy4UTbIBaTb CyLLl,eCTBeHHbIVI POCT NPOAYKTUBHOCTU MO KayKkoom
CKBaXXnHe BBMAY yBeIrmM4YeHnA CpOoKa ee aKcniyartaunn.

* [axe ecnu gaBneHne B CKBaXKUHE NagaeT Hke HeobxoamMmMoro Ans
npeonorneHns NPoTUBOAABIEHUS B MarucTparisHOM rasonpoBoge u
nogbema MryHxXepa C XUAKoCTbio, NIyHXep bonee achdekTnBeH Ans
BbIOpOCa KNOKOCTU M3 CKBaXKMHbLI HA MOBEPXHOCTb, YEM MpocTast
npoAyBKa CKBaXKUHbI, HE OCHALLLEHHOWN MIYHXEPHOW NOgbEMHOMN
CUCTEMOW.

% ExerogHble otyeTbl no nporpamme Natural Gas STAR fomkHbI BKOYaTh
COKpaLLleHHble 06beMbl AMUCCMU METaHa, NoMyyYeHHbIe B pesynsrare
OCHaLLEHUS CKBaXKWH NIYyHXEPHbIMY NOABEMHBIMW CUCTEMaMM.
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OueHka pocTta NpoAyKTUMBHOCTU ANA CKBAXXWH C nagaroLen
[Aooblyen.

Mo paHHbIM, NpegocTasneHHbiM Dake 's Fundamentals of Reservoir Engi-
neering (1982), Ha OCHOBe CrieyHoLLEro ypaBHEHNS MOXHO paccunTaTb
npupocT gebuTa npy NOHWKEHHOM AaBMEHNN B CKBaXMHE, KOTOPast
OCHalLleHa NyHXepHOW NOOBbEMHON CUCTEMON. YpaBHEHME,
MonyycTONYMBOrO PeXmMma MMeeT BUA:

M(Pavg)-M(Pw)=[(1 422 x Q x T)/(k x h)] X [In(rg/r,,)-3/4+S)] x (8,15),
roe

M(Payvg) = YCPEAHEHHAsA (hakTUieckas BenuumnHa ncesaoaaBeHmns
rasa;

M(pys) = PakTnyeckas BenmymMHa nceeaonaBneHns rasa
(POHTaHUPYIOLLIEN CKBAXKMHBbI;

Q = pebur rasa;

T= abcontoTHasa TemnepaTypa;
K = npoHMLaeMocCTb;

h = MoLwHOCTb NnacTa;

fe = PaAMYC BHELUHEW rpaHnLibI;
Iy = PagnyC CKBaXMHbI;

S = MexaHW4ecKnii CKUH-hakTop.

Mocre nonyyeHnst xapakTepUCTUK KOMMNEeKTopa Ha OCHOBE 3TOM0 BbIPaXKEHWS!
MOXHO OnpeaenuTb BenuunHy Q ans 3amenneHHOro nNoToka npy CKOMMeHnm
XXNIKOCTU B CKBaXkMHe (TeKylllee COCTOsIHME U KpuBasi NadeHust), a Takke Q
[Ns1 CYyXON CKBaXXWUHb! (NMPU MCMOMb30BaHUM MINYHXEPHbIX NOABbEMHbIX CUCTEM
1 YTOUHEHHas! KpuBas NageHust). 1o obLLMe NPUHLIMMLI, Y KOMMaHUM
JOIMKHbI obpallaTbCs 3a NOMOLLLIO K MHXeHepam-pa3paboTyvkam Ans 6onee
TOYHbIX PACYEToB.
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AnbTepHaTUBHbLIN MeTo4 pacyeTa UCKITKOYEHHOW 3MUCCUU NpuU
3aMeHe MeToAa NPOAYBKU.

OLI,eHKy C 3aBblLLUEHNEM I'IOFpeLIJHOCTel7| no obbemam rasa, Bbl6paCbIBaeMOFO
Ha NOBEPXHOCTb, MOXXHO BbIMNOJTHNTb, UCMOJb3YA CneayoLyro (bOpMyJ'IyZ

ExerogHble Beibpochl Masa, teic.dyT.’/rog = (0,37 x 10° ) x (Quametp
O6cagkn)? x MybuHa CkBaxkuHbl X [JaBneHne B 3akpbiTont CKBAXKUHE X
ExxerogHoe KonuuecTtso MNpumeHeHnn TexHonorum Beizosa MNputoka

3pecb avameTp obcagkm NpuBedeH B ANMax, rmyObuHa CKBaXuHb B
doyTax n JaBrieHne B 3aKpbITON CKBaXWHE B PyHTaxX Ha KBagpaTHbIN
aronm. Ha puc. A1 npuBoguTca npumep pacyeta.

Puc. A1: Mpumep: PacyeT NCKNHOYEHHOW 3MUCCUN NMPU 3aMeHe
MeToAa NpoayBKU

[nameTp obcanku 8 aronmos (0,2 m)
[ny6uHa ckBaXuWHbI 10 000 dhyT. (3048 m)
[aBneHve B 3aKpbITON CKBaXUHE 214,7 cpyHT/aronm? (1 480,3 klMa)

KonunyecTBo npuMeHeHuii TEXHOMNOrMm Bbi3oBa 52 (exxeHeaenbHo)
npuTOKa B rog,

ExxerogHble Bbibpockl raza = (0,37 x106 ) x 82 x 10 000 x 214,7 x 52 = 2 644 TbiC.
dyT.rog (74,9 Teic. M¥/ron)

OTO MMHUMarnbHBIN 0ObeM rasa, KoTopbIi MOT BbITb BbIGPOLLEH Mpu
aTMocEePHOM AaBMneHNN U3 CKBaXKUHbI, MPeKpaTuBLLEN Nodady rasa B
KOMMepyeckuii TpybonpoBog BBUAY TOrO, YTO rMAPOCTaTUYECKNA YPOBEHD
XXMAKOCTU, CKOMMBLLENCS B HACOCHO-KOMMPECCOPHbIX TPybax, paBeH
Pa3HOCTV AaBrneHns B KOMMeEpPYECKOM TpybonpoBoae 1 B CkBaxuHe. Ecrin
OaBreHve B 9TOWN CKBaXKUHE NPEeBbILLAET AaBreHne B KOMMEPYECKOM
TpybonpoBoze B 1,5 pasa, 4TO COOTBETCTBYET YCNOBUAM NPUMEHEHMS
NAYHXEPHbIX NOABEMHbBIX CUCTEM Ha puC. 2, TO 06beM rasza B 06cagHbIX
Tpybax CKkBaXWHbI NPV AaBMAEeHWUW, XapaKTEPHOM A5 3aKPbITOM CKBaXMHBbI,
OOIMKeH ObITb MYHUMAaNbHO JOCTATOYHbIM A1 BbITANKUBaHUSA XUAKOCTU
Yyepes cucteMy Tpyb Ha MOBEPXHOCTb MPU CHDKEHUU NPOTUBOAABMNEHNS A0
Hyns. MapTHepbl MOryT paccymTaTe MUHMMarnbHOE BpeMs cbpoca rasa u3
CKBaXXMHbI, UCMNONb3yS yKa3aHHbIN 00beM 1 ypaBHEHWEe NoToKa rasa ans
mecTopoxaeHunss Weymouth (nonydeHHoe anga gnametpa Tpyo obuiero
Ha3HavyeHus 1 nageHus AaBneHusl, KoTopoe npusedeHo B Tabn. 3-5 Ha cTp.
283 n 284 B pasgene Pipeline Rules 4-ro nsgaHusa cnpasoyHmka Thumb
Handbook Pipeline Rules). Ecnu 13 onbita napTHeEpOB M3BECTHO, YTO Ha
cbpoc rasa M3 CKBaXXUHbl yXoauT BorbLle BpeMeHu, YeM npegnonaraeTcs B
AaHHOM pacyeTHOM MeTofe, To 3HadeHne ExerogHbix Beibpocos Masa moxet
ObITb YBENMUYEHO C YH4ETOM MPOCTOr0 COOTHOLLUEHNST MeXay (hakTU4eCcKum
BpEeMeHeM BbIMycka rasa U pacyeTHbIM BpEMEHEM Ha OCHOBE 3MMUPUYECKOrO
ypaBHeHus ans mectopoxaeHus Weymouth.
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